In the course of our continuing research on biologically active glycosphingolipids (GSLs) from echinoderms, a series of studies on the isolation and structure elucidation of the GSLs from starfish have been performed in our laboratory. [1] [2] [3] [4] [5] [6] In the study of the GSLs of the starfish Luidia maculata (Yatsudesunahitode in Japanese), we reported on the isolation and structure of a sulfatide and a ganglioside molecular species, LMG-1 7) and LMG-2. 8) Continuing the previous studies, further isolation and characterization of gangliosides from L. maculata was conducted. In this paper, we report on the isolation and structure of two ganglioside molecular species from the whole bodies of L. maculata.
The polar lipid fraction, which was obtained from the chloroform/methanol extract of the whole bodies of L. maculata, was subjected to repeated column chromatography to give two ganglioside molecular species, 1 and 2, each showing a single spot on silica gel thin-layer chromatography (TLC).
In its 13 C-NMR spectrum ( Fig. 1 , Table 1 ), 1 exhibits the characteristic signals of a sphingosine-type ceramide, possessing a 2-hydroxy fatty acid and a sugar moiety at C-1 [d: 69.6 (C-1), 54.1 (C-2), 72.5 (C-3), 131.7 (C-4), 132.8 (C-5), 175.5 (C-1Ј), 72.5 (C-2Ј)]. The 13 C-NMR spectrum of 1 also features signals due to three anomeric carbons at d: 106.0, 105.3 and 99.9, one of which (d: 99.9) is a quaternary carbon signal, indicating the presence of a sialic acid residue. The negative FAB-MS exhibits a series of quasi-molecular ion peaks [MϪH] Ϫ at m/z: 1230-1330. Therefore, 1 is suggested to be a molecular species of a sphingosine-type ganglioside, possessing 2-hydroxy fatty acid groups and three monosaccharide units. It is further presumed to have mainly normal-type fatty acids and normal and ante-iso type longchain bases, since the carbon signals for the terminal methyl groups are observed at d: 14.3 (normal form) and d: 11.6 and 19.4 (ante-iso form) in the 13 C-NMR spectrum (Fig. 1 , Table 1 ).
The structure of the ceramide moiety was examined first. When 1 was methanolyzed with methanolic hydrochloric acid, a mixture of fatty acid methyl esters (FAM) and longchain bases (LCB) was obtained, together with methyl glycosides. The FAM mixture was analyzed by GC-MS, which revealed the presence of three components. These were characterized as methyl octadecanoate, methyl 2-hydroxydocosanoate (major) and methyl 2-hydroxytricosanoate. The LCB mixture was found to be composed of 2-amino-1,3-dihydroxy-4-octadecene, 2-amino-1,3-dihydroxy-4-nonadecene (major), 2-amino-1,3,4-trihydroxy-heptadecane and 2-amino-1,3,4-trihydroxy-nonadecane, based on GC-MS analysis of its TMS derivative (Fig. 1) .
The stereochemistry of the ceramide moiety is presumed to be (2S, 3R, 4E, 2ЈR), since the aforementioned 13 C-NMR signals assignable to C-1, 2, 3, 4, 5 and 2Ј of 1 are in good agreement with those of the sphingosine-type glucocerebroside molecular species possessing (2S, 3R, 4E, 2ЈR) configurations.
9)
The structure of the trisaccharide moiety of 1 was established as follows. The GLC analysis of the TMS derivatives of the methyl glycosides, which was obtained by methanolysis of 1 (vide supra), showed the existence of one mole each of glucose (Glc) and galactose (Gal). A detailed analysis of the 13 C-NMR spectrum of 1 revealed the characteristic signals [d: 173.0 (C-1), 99.9 (C-2), 42.2 (C-3), 54.1 (C-5), 62.3 (C-9), 172.9 (C-10), and 22.9 (C-11)] of an N-acetylneuraminic acid (NeuAc) derivative residue together with the signal due to a methoxy group (d: 58.7) ( Table 1 ). The existence of the methoxy group in the NeuAc residue is also supported by the 1 H-NMR spectrum of 1 showing a singlet signal at d: 3.78. In the negative FAB-MS of 1, molecular ion and fragment ion peaks arising from cleavage of the glycosidic linkages are observed at m/z: 1230-1330, 930-1030, 770-850, and 600-650, indicating the presence of the trisaccharide moiety, NeuAc (OMe)®Hexose®Hexose, as shown in Fig. 3 .
Methylation of 1, according to the Ciucanu-Kerek method, 10) afforded the permethylated product 3a. Partially methylated alditol acetates prepared from 3a were analyzed by GC-MS and identified as the alditols derived from 3-linked hexopyranose (S-1) and 4-linked hexopyranose (S-2). The structure of the sialic acid moiety was established as follows. Since the sialic acid residue has a methoxy group, per- Two monomethylated GM 3 (Fig. 1) .
To the best of our knowledge, compound (1) represents a new GM 3 type ganglioside molecular species found to contain a monomethylated NeuAc moiety, and designated as LMG-3. Compound 2 was identified as the 8-O-methyl-(Nglycolyl-a -D-neuraminosyl)-(2®3)-b -D-galactopyranosyl-(1®4)-b-D-glucopyranoside of a ceramide composed of (2S,3S,4R)-C 17 -phytosphingosine and (2R)-2-hydroxydocosanoic acid as major components (see Fig. 2 ), on the basis of chemical and spectroscopic evidence like 1. Compound (2) has already been obtained from the starfish Aphelasterias japonica 13) and Asterias amurensis versicolor, 2) although it differs from them slightly in the ceramide moiety. The biological activity of these gangliosides will be examined in due course. a-c) Terminal methyl groups in the normal and ante-iso type of side chain (see Fig.  1 ). d, e) Assignments may be interchanged in each vertical column.
Experimental
Melting points were determined on a micro melting point apparatus (Yanako MP-3) without correction. IR spectra were obtained on a Jasco FT/IR-410 infrared spectrophotometer. NMR spectra were recorded on a Varian Unity-500 spectrometer Separation of 1 and 2 For the extraction and fractionation of the crude ganglioside fraction from the whole bodies of the starfish Luidia maculata (17 kg), the preceding paper should be referred to.
8) The crude ganglioside fraction, the 100% MeOH eluate, was successively separated by chromatography on silica gel (solvent CHCl 3 -MeOH-7% NH 3 aq., 6 : 4 : 1) to afford 1 Ϫ series (see Fig. 3 ). Ϫ series (see Fig. 3 ). Table 1 .
Methanolysis of 1 Compound 1 (1 mg) was heated with 5% HCl in MeOH (1 ml) at 70°C for 12 h. The reaction mixture was then extracted with n-hexane, and the extract was concentrated in vacuo to yield a mixture of FAM. The MeOH layer was concentrated under a stream of N 2 to give a mixture of LCB and methyl glycosides. Methylation of 1 (Ciucanu-Kerek Method) NaOH-dimethylsulfoxide (DMSO) solution, which was prepared from powdered NaOH (40 mg) and DMSO (1 ml), and CH 3 I (or CD 3 I) (0.2 ml) were added to 1 (2 mg), and the mixture was stirred for 30 min. The reaction mixture was then diluted with H 2 O (15 ml), extracted with CHCl 3 (10 mlϫ3), and the CHCl 3 phases were washed with H 2 O, and the solvent was evaporated in vacuo to give permethylated (or pertrideuteriomethylated) 1, denoted 3a (or 3b).
GC-MS
Preparation and GC-MS Analysis of Partially Methylated Alditol Acetates from 3a Compound 3a (0.7 mg) was heated with 90% HCOOH-10% CF 3 COOH (1 : 1) (1 ml) at 70°C for 18 h in a small-volume sealed vial, and then the solvents were evaporated in vacuo. The residue was dissolved in H 2 O (5 ml), and 28% NH 3 (2 drops), and NaBD 4 (10 mg) were added. After allowing the mixture to stand at room temp. for 7 h, it was acidified with AcOH to pHϭ3.5 and concentrated in vacuo. Partial Hydrolysis of 1 Compound 1 (5 mg) was heated with 5% aq. AcOH (3 ml) at 90°C for 4 h. The mixture was then extracted with AcOEt/n-BuOH (2 : 1), the organic layer was concentrated in vacuo, and the residue was chromatographed on silica gel [CHCl 3 -MeOH-H 2 O (8 : 2 : 0.1)] to give 4 (2 mg) as an amorphous powder ( 13 C-NMR: Table 1 ). Vol. 50, No. 10 
